Objective: To evaluate the course and predictors of neuropsychiatric symptoms (NPS) and cognition in patients with de novo Parkinson disease (PD).
MCI than HCs. [7] [8] [9] However, relatively little is known about the clinical course and prognostic significance of early NPS and cognitive impairment in PD.
The Parkinson's Progression Markers Initiative (PPMI) is a prospective, longitudinal study designed to identify PD progression biomarkers. 10 Here we present the neuropsychiatric and cognitive data from baseline through the first 24 months of follow-up. We hypothesized that NPS would be common and relatively stable in severity in early PD and that initiation of DRT might modify the natural history of NPS progression.
METHODS Participants. The PPMI is an observational, international, multicenter (16 US and 5 European sites) cohort study of early, untreated (at enrollment) patients with PD and demographically comparable HCs. 10 Assessments. Depression was assessed using the 15-item Geriatric Depression Scale (GDS), with a recommended cutoff score of $5 to indicate the presence of clinically significant depressive symptoms. 11 Global cognitive abilities were assessed with the Montreal Cognitive Assessment (MoCA), and MCI for patients with PD was defined at the recommended cutoff value of ,26.
12,13 Cognitive comparisons between patients with PD and HCs are not possible, as HCs with a MoCA score ,27 were excluded from the study.
The short version of the validated Questionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease (QUIP) was used to screen for ICDs (gambling, sexual, buying, and eating behaviors), related behaviors (punding [stereotyped, repetitive, purposeless behaviors], hobbyism [excessive engagement in hobbies], and walkabout [excessive wandering]), and compulsive medication use, and recommended cutoff scores were applied. 14 All these behavioral disturbances are characterized by poorly controlled repetitive behaviors and have been associated with dopaminergic therapies in PD.
The Epworth Sleepiness Scale (ESS) was used to evaluate EDS. Outcomes are shown both as means and as a dichotomous variable, with a score $10 indicating EDS. 15 Other measures include the Movement Disorders Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS) Part I apathy, fatigue, and psychosis items (any nonzero score was considered positive for these items); the State-Trait Anxiety Inventory (STAI) to assess severity of state and trait anxiety symptoms 16 ; the University of Pennsylvania Smell Identification Test (UPSIT) 17 to assess olfaction; the REM sleep behavior disorder (RBD) screening questionnaire, 18 with a screening cutoff value of $5 indicating RBD; and the MDS-UPDRS motor score 19 as a measure of disease severity. Patients were classified as having the tremor dominant, postural instability and gait disturbance (PIGD), or intermediate phenotypes, as previously described 20 ; this variable was included given the association between PIGD subtype and cognitive impairment in previous research. 21 Initiation of treatment for PD. Study participants could start DRT at any point after baseline as part of routine clinical care. A participant was considered to have received DRT if (1) one of the following medications or medication classes was initiated: dopamine agonists, levodopa, monoamine oxidase type B (MAO-B) inhibitors, or amantadine; (2) it had been prescribed for at least 1 year; and (3) it was still active at the 24-month visit. Information about medication dosages was not readily ascertained in the database and is not included.
Standard protocol approvals, registrations, and patient consents. The study was approved by the institutional review board at each participating site and written informed consent was obtained from all study participants prior to enrollment.
Statistical analysis. To evaluate the change over time in NPS within the PD group and between patients with PD and HCs over the 24-month period and to evaluate between-group comparisons at each time point, generalized estimating equation (GEE) 22 analysis was used for dichotomous variables and linear mixedeffects models 23 analysis was used for continuous variables, adjusted by the variable baseline score in the entire sample. Due to non-normality, logarithmic transformation was applied to GDS scores for the mixed-effects models.
Linear mixed-effects models analysis was also used to determine which demographic and clinical variables at baseline predicted cognitive decline (i.e., change in MoCA score) over the 24-month period among the group of patients who had already completed this assessment. In the implementation of the mixed-effects models, individual models were conducted for each predictor of interest, with repeated measures of MoCA score as dependent variable and predictor of interest, visit time, and predictor of interest x visit time interaction as the primary independent variables, as well as baseline MoCA score and other baseline characteristics listed in table 2 as covariates. In each model, the intercept was treated as a random effect and the above independent variables and covariates were treated as fixed effects. The predictive ability of each predictor on cognitive decline was examined through their interactions with visit time.
Baseline demographic characteristics were compared using t test or x 2 test. Fisher exact test, x 2 test, or Mann-Whitney U test was used to examine the impact of initiating DRT among the patients who completed the 24-month visit.
Normality assumptions were checked whenever the statistical procedures required normality assumption. Additional sensitivity analysis to evaluate the impact of missing data was conducted using GEE and linear mixed-effects models including only participants who completed the 24-month visit. All statistical tests were 2-sided. Statistical significance was set at p , 0.05. Analyses were conducted with PASW Statistics (version 18.0.0). GEE analyses were conducted with PASW statistics and SAS (version 9.2, SAS Institute Inc., Cary, NC).
RESULTS Participant characteristics. A total of 423 patients and 196 HCs were included in the study (the enrollment group). Of those, 96 patients with PD and 83 HCs had reached and participated in the 24-month follow-up visit (the completers' group) (table 1). There were no statistical differences in baseline NPS or MoCA scores between completers and noncompleters, except a marginal difference in ESS score in the PD group (scores for completers and noncompleters were 6.4 [3.6] and 5.6 [3.4] , p 5 0.048). There were no differences between patients with PD and HCs in age, sex, or education in the enrollment group; in the completers' group, patients with PD were more likely to be male compared with HCs (p , 0.001).
PD medication had been initiated at the 6-month visit in 9.6% (27/281) of patients, and the cumulative percentages increased to 58.8% (26/153) at the 12-month visit and 81.1% (77/95) at the 24-month visit (figure e-1 on the Neurology ® Web site at Neurology. org). At the 24-month visit, 32.5% of treated patients were taking a dopamine agonist, 48.1% were taking levodopa, 36.4% a MAO-B inhibitor, and 22.1% amantadine.
Depression. At baseline, 13.9% of patients with PD and 6.6% of HCs screened positive for depression. During the follow-up period, there was a nonsignificant increase in depression frequency to 18.7% in the PD group at the 24-month visit (p 5 0.41). In contrast, a decrease to 2.4% at the 24-month visit was seen in the HC group. The between-group difference remained significant at each time point and widened over time (p 5 0.18) (figure 2).
At baseline, 16.1% of patients with PD were taking an antidepressant, and the proportion increased significantly to 25.0% at the 24-month visit (p 5 0.002). In spite of increased antidepressant use over time, 65%-72% of patients with PD who screened positive for depression at a given visit were not being treated with an antidepressant.
Cognitive performance. The mean MoCA score in patients with PD decreased from 27.1 (2.3) at baseline to 26.2 (2.9) at month 24 (p , 0.001). Using the recommended screening cutoff value, 21.5% of patients at baseline, 34.2% at month 12, and 35.5% at month 24 were cognitively impaired. Of the cognitively impaired patients at baseline, 34.6% reverted to cognitively normal at the 24-month visit, while 26.0% of cognitively normal patients at baseline became cognitively impaired at 24 months. The mean MoCA scores in the HC group also decreased over time (p , 0.001), from 28.5 (3.1) at baseline to 27.7 (2.0) at month 24.
In the mixed-effects model analysis, baseline higher age (p , 0.001), higher MDS-UPDRS motor score (p 5 0.02), screening positive for RBD (p 5 0.002), and lower UPSIT score (p 5 0.002) predicted cognitive decline over 24 months in the PD group. Male sex predicted decline at a trend level (p 5 0.06) (table 2).
Change over time in other NPS. The proportion of patients with PD who screened positive for ICDs or related behavior symptoms at baseline was 21% and did not increase significantly over the 24-month follow-up period (table e-1). In addition, there was no significant difference between patients with PD and HCs in the frequency of ICD symptoms at any time point.
There was a trend for EDS symptoms to increase over time in patients with PD. However, there was no significant difference in EDS as a dichotomous variable between patients with PD and HCs at any time point or over time (p 5 0.13).
Fifty percent of patients with PD had a positive score on the MDS-UPDRS Part I fatigue item at The prevalence of psychosis was significantly higher in the PD group compared with HCs at month 12 and increased significantly over time in patients with PD: 3.0%, 5.3%, and 10.0% at baseline, 12 months, and 24 months, respectively (p 5 0.003) (table e-1).
Impact of initiation of DRT on new-onset NPS. At the 24-month visit, 81% of patients had started DRT and 43.7% of patients had been taking DRT for a minimum of 1 year (hereafter named the DRT group) (figure e-1; table 3). While some NPS might be expected to improve with DRT (e.g., depression or apathy), others may begin or worsen (e.g., ICDs and psychosis).
Regarding new-onset ICD symptoms, 74 patients who completed the 24-month visit were QUIPnegative at baseline, and of this group, 6 incident cases of ICD or related behavior symptoms were reported in the DRT group, whereas there were no ICD incident symptoms in the untreated group (p 5 0.009). Concerning duration of exposure, 23 patients who were QUIP-negative at baseline had been taking DRT medication for ,1 year at the 24-month visit, and none of them reported newonset ICD symptoms.
There were more incident cases of EDS in the DRT group compared with the untreated group (31.0% vs 10.6%, p 5 0.03). Although not statistically significant, the frequency of new-onset psychosis was nearly 3 times as high in the DRT group compared with the untreated group (table 3) .
Examining NPS that might be expected to improve with DRT, the DRT group showed a significant (table 3) . DISCUSSION We found that newly diagnosed, untreated patients with PD exhibit higher rates of depression, anxiety, fatigue, and apathy than HCs. The overall frequency of most NPS was stable over the first 2 years of the disease. In contrast, initiation of DRT was associated with an increase in several problematic NPS in PD, including ICD symptoms and EDS, and with a decrease in fatigue. Our findings suggest that although the majority of NPS do not worsen substantially in the first years of the disease regardless of treatment, the initiation of DRT does not significantly improve most of these symptoms on average. This may in part reflect the fact that the psychiatric burden and cognitive deficits in a de novo PD cohort are not high overall compared with later disease stages.
The dopamine system is thought to play some role in many NPS in PD. 24 While a hyperdopaminergic state may contribute to onset of ICDs, psychosis, and EDS, 25 ,26 a hypodopaminergic state has been associated with apathy, depression and anxiety. "Hyperdopaminergic" symptoms might occur after initiation of DRT in untreated PD. 27, 28 We found that treatment initiation with DRT for at least 1 year, but not less than 1 year, was associated with a statistical increase in ICD symptoms and EDS and a nonsignificant increase in the frequency of psychosis. While fatigue significantly improved with DRT, there was no significant improvement in anxiety, apathy, depression, or cognition.
Prior analysis of a partial PPMI baseline dataset showed that the frequency of ICD symptoms was equally common in patients with early, untreated PD and HCs. 29 Using the full baseline dataset plus longitudinal data, there still is no evidence for an increased frequency of ICD symptoms in patients with PD compared with controls out to 2 years. However, patients who were on DRT for at least 1 year exhibited more incident ICD and related behaviors than patients who either did not initiate DRT or were exposed for less than 1 year. These findings suggest that a minimum duration of exposure to DRT is needed to significantly increase the risk of developing ICD symptoms and would explain the relative stability and lack of differences seen between patients with PD and HCs in this study.
As expected, global cognition scores declined slightly over the follow-up period. Consistent with prior studies, age, greater motor severity, presence of RBD symptoms, and worse olfaction at baseline predicted future cognitive decline. [30] [31] [32] [33] [34] [35] These findings suggest that early diffuse brainstem pathology, widespread PD pathology, or comorbid pathology that occurs with aging might contribute to initial cognitive decline in PD.
This study also sheds light on the variability in NPS screening assessments in individuals over time. Although as a group patients with PD worsened significantly in MoCA score over time, one-third of patients initially classified as cognitively impaired at baseline were cognitively normal at the 24-month follow-up, perhaps due in part to learning effects, as there were no significant changes in other NPS over time in this subgroup of patients (data not shown). In addition, nearly half of patients with clinically significant depression at baseline screened negative at the 24-month follow-up. These findings highlight the limitations of performing single time point assessments and using screening instruments instead of more detailed diagnostic or assessment tools.
Consistent with prior studies, 36, 37 we found that the majority of PD patients with clinically significant depression were not treated with antidepressants during this 2-year period, suggesting that depression is undertreated in early PD. Since depression symptoms did worsen over time in this study and have been shown to influence the initiation of DRT in a previous study, 38 it is important to appropriately screen for and adequately treat depression in this population starting at disease onset.
Several limitations of this study should be noted. First, at the time of data download, the 2-year follow-up assessment had not yet been completed by all patients in the study. In order to control for this, statistical tests that account for missing data were utilized (i.e., GEE and mixed-effects models). Also, there were no statistical differences in baseline NPS or MoCA scores between completers and noncompleters. In addition, analyses including only the completers group for change in the NPS over time and the predictors of cognitive decline were done as an additional sensitivity analysis, and the results did not differ from the primary analyses. Second, HCs were not matched to patients with PD on demographic characteristics; they were similar overall in the enrollment group, but the percentage of males was higher in PD in the completers Table 3 Impact of initiating dopamine replacement therapy on neuropsychiatric symptoms N Treated (n 5 42) Untreated (n 5 54) e Number of patients without a positive score on the UPDRS Part I psychosis item at baseline (n 5 94). f Defined as conversion from GDS score $5 at baseline to GDS score ,5 at follow-up. g Number of patients who had a GDS score $5 at baseline (n 5 16). h Defined as a minimum of 1-point decrease on UPDRS Part I apathy item. i Defined as a minimum of 1-point decrease on UPDRS Part I fatigue item.
group. We adjusted sex as a covariate in all GEE and mixed-effects model analyses to account for this imbalance. In addition, the consistency of results between the full sample analyses and the sensitivity analyses in the completers' group further strengthened our conclusions. Finally, information about dosages and duration of treatment was not included as it was not readily available in the database. This study provides an initial glimpse at the prevalence, course, and predictors of NPS and global cognition in the first years after PD diagnosis, including the impact of initiating DRT. As more patients complete long-term follow-up assessments, future PPMI analyses are needed to confirm and expand these preliminary results regarding the frequency of, risk factors for, and prognostic role of NPS and cognitive impairment in early PD. Similarly, future analyses will help elucidate the effects of initiation of various DRT medications on NPS.
